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necessary, 
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OLEFIN POLYMERIZATION SOLID CATALYSTS AND PROCESS FOR THE POLYMERIZATION 

OF OLEFINS 

FIELD OF THE INVENTION 

This invention relates to olefin polymerization solid catalysts and to processes for the polymerization of 
olefin. More particularly, the Invention relates to olefin polymerization solid catalysts capable of preoarlno 
a spherical olefin polymers excellent In bulking density and having a narrow molecular weight distribution ^hen 
applied to siurry polymerteatfon or vapor phase polymerization In particular, and also capable of giving olefin 
polymers having a narrow molecular weight distribution and a narrow composition distribution when applied to 
copolymerization of two or more kinds of olefins. 

10 BACKGROUND OF THE INVENTION 

It has heretofore been known that titanium based catalyst composed of a titanium compound and an 
organoalumlnum compound, or vanadium based catalyst composed of a vanadium compound and an 
organoalumlnum compound are used as catalyst for the preparation of olefin polymers, for example, ethylene 
16 polymers or ethyfene/a-olefln copolymers. 

On the one hand, there have been proposed recently processes for the preparation of ethyter^c^oieftn 
copolymers using catalysts composed of zirconium compounds and aluminoxanes as a new type of Zleoler 
catalysts for olefin polymerization. 

In comparison with known catalyst systems composed of transition metal compounds and organoaluminum 
compounds, the catalysts composed of such transition metai compounds and aluminoxanes aa proposed In 
the priorartaa mentioned above are markedly excellent In polymerization activity. However, most of the catalyst 
systems as proposed above are soluble In the reaction system where they are used, and often used in the sol- 
ution i polymerization system, with the result that the process for the polymerization of olefins to which they are 
applied islimited. In addition thereto, when high molecular weight polymers are intended to obtain, the viscosity 
of the solution In the polymerization where said catalyst systems are used becomes markedly, and the polymers 
resulting from the post-treatment of the solution polymerization system are found to be low In bulking density 
In view of the foregoing, it was difficult to obtain polymers excellent In particle properties by the use of such 
proposed catalyst systems. 

On the one hand, there have been made attempts to carry out pdymerization of olefins in the suspension 
or vapor phase polymerization system using catalysts comprising a porous inorganic oxide carrier, such aa 
silica, silica alumina or alumina, having supported thereon either one or both of the above-mentioned transition 
metal compound and aluminoxane. 

For example, Japanese Patent L-O-P Publns, Nos. 35006/1985. 35007/1985 and 3500671986 disclose that 
catalysts comprising a transition metal compound and aluminoxane supported on alka, silica alumina or 
99 alumina may be used In the above-mentioned attempts. 

Japanese Patent L-O-P Publn. No. 278806/1586 proposes a proceed for the polymerization of olefins car- 
ried out In the presence of a catalyst comprising a zirconium compound and a reaction mixture obtained by 
reacting a reaction mixture of en aluminoxane and trialkyleluminum with an Inorganic oxide containing a surface 
hydroxy! group such aa silica. 
40 Japanese Patent L-O-P Publns. Nos. 108610/1988 and 296008/1986 propose a process for the potymeri- 
zation of olefins carried out in the presence of a catalyst comprising a transition metal such as metalkicene 
and an aluminoxane supported on a support such as an inorganic oxide. 

In the processes proposed in the prior art literatures as mentioned above, however, the aluminoxane com- 
ponent used In the catalyst had to be synthesized separately. 
46 Japanese Patent L-O-P Publn. No. 31404/1986 proposes a process for the polymerization or copolymers 
zation of ethylene or ethylene and a-olef In carried out in the presence of a mixed catalyst comprising a product 
obtained by reaction of trialkylaluminum with water In the presence of silicon dioxide or aluminum oxide and a 
transition metai. According to this process, a separate step to synthesize aluminoxane can be omitted. In this 
process, however, the bulking density of the polymer obtained was as low aa 0.2 g/cm\ 
so Furthermore, Japanese Patent L-O-P Publn. No. 207303/1989 teaches a process for obtaining a vapor 
phase polymerization catalyst by adding a metallocene to a reaction mixture obtained by reaction of green silica 
gel with trialkylaluminum in e solvent, followed by removing the solvent from the resulting mixture and then by 
drying. This process, however, requires additionally many steps necessary for the synthesis of catalyst such 
aa solvent removing step, drying step, etc, though a separate stap for the synthesis of aluminoxane can be 
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omitted. 

OBJECT OF THE INVENTION 

The present Invention had been made in light of the prior art as mentioned above* and an object of the 
Invention Is to provide olefin polymerization solid catalysts capable of giving olefin polymers excellent in particle 
properties by a simple catalyst synthesis step with no necessity for a separate step for the synthesis of alumJ- 
noxane, and a process for the polymerization of olefins using said catalysts. 

SUMMARY OF THE INVENTION 

The Olefin polymerization solid catalyst of the present invention Is prepared by pre-potymerizlng olefin in 
a suspension containing 

[Al a component obtainable by bringing a particulate carrier, an organoaiumlnum compound [Are] and water 
into contact wHh one another, 

[B] a transition metal compound containing a llgand having a oycloaOcadienyf skeleton and, If necessary, 

[C] an organoaiumlnum compound. 

The process for the polymerization of olefins of the invention comprises polymerizing or copolymerizlng 
olefins in the presence of the above-mentioned olefin polymerization solid catalyst 

The olefin polymerization solid catalyst of the invention as «uatrated above Is capable of giving olefin 
polymers excellent In partfde properties and having a narrow mdecular weight distribution whan applied to 
polymerization of olefins, and is also capable of giving olefin copolymers, particularly ethylene copolymers, hav- 
ing a narrow molecular weight (fistribution and a narrow composition distribution when applied to oopoJymeri- 
zatlon of two or more kinds of olefins. 

BRIEF DESCRIPTION OP THE DRAWINGS 

Fig. 1 la a rough schematic drawing showing synthesis of the olefin polymerization scftf cattyst of the pre- 
sent invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, the olefin polymerization catslyet of the present invention and the process for the polymeri- 
zation of olefins using said catalyst we illustrated In detaS. 

In the invention, the term "polymerization" Is sometimes used In a sense that k includes not only 
homopdymertzatlon but also copolymertzetlon, and also the term 'polymer* is sometimes used in a sense that 
it Includes not only a homopolymer but also a copolymer. 

The olefin polymerization solid catalyst of the Invention is prepared by pre-poiymerteing olefin in a susperv 
9ion containing 

IA] a component obtalnable(obtalned) by bringing a particulate carrier, en organoaiumlnum compound [A-s] 
and water Into contact with one another, and 

[B] a transition metal compound containing a ligand having a cycloaSkedjenyt skeleton. 

The particulate carrier used in the Invention includes particulate Inorganic or organic carriers having an 
average particle diameter of usually 1-300 nm, preferably 10-200 lira The particulate inorganic earner used 
includes preferably oxides, for example. SlOa, AI 3 O s . MgO, ZrO?, TiCfe or mixtures thereof. Of the particulate 
inorganic carriers as exemplified above, preferred are those consisting essentially of at least one component 
selected from the group consisting of SK)* Al a Q$ and MgO. 

The particulate organic carrier used includes particulate organic polymers, for example, particulate polym- 
ers of olefins, such as polyethylene, polypropylene, poly-1-butene and poly-4-methyM-pentene, and particu- 
late polymers such as polystyrene. 

The organoaiuminum compounds [A-a] used in the present invention include, for example, trlalkyialumlnum 
such as trimethyiaiumlnum, trtethylalumlnum, trlpropylaluminum, trilsopropyi aluminum, trwvbutytalurninum, 
trtisobutyleluminum, tri-seo^utyJalumlnum. tri-tert-butyieiumlnurn, trlpentylalumlnum. trthexylelumlnum, trkx> 
tylatumtaum, trktecylalumiruim, tricydohsxytaluminum. tricyclooctylaluminum ; dtalkytelumlnum halidac such 
as dtmothyialumfnum chloride, dlethyiaiumlnum chloride, diethyfeJuminum bromide and dtisobutytalumlnum 
chloride ; dtattcyUlumlnum hydrides such as dlethyiaiumlnum hydride and ditsobutytatumlnum hydride : dial- 
kyJaluminum altaxides such as dlmethylalumlnum methoxlda and diethylatuminum ethoxide ; and dialkytaluml- 
num arytoxides such as diethylahiminum phenoxide. 
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Of the organoaluminum compounds as exemplified above. particularly preferred Is trialkylaluminum. 
Furthermore, there may aiso be used as the organoalumirtum compound isoprenyfaluminum represented 
6 by the general formula 

wherein x, y and z am each a positive number, and z s 2x. 

The organoaluminum compounds mentioned above may be used either singly or In combination. 

The transition metal compound [B] containing a llgand having a cydoalkadlenyl skeleton used In the present 
10 invention Is represented by the formula ML, wherein M is a transition metal, L Is a ligand coordinating to the 
transition metal, at least one of L Is a llgand having a cycloalkadienyf skeleton, and when at least two or more 
hgande having a cycloaikadlenyl skeleton are contained, at least two Uganda having a cydoalkadlenyl skeleton 
may be linked together via alkylene, substituted alkytone. silytene or substituted sfiylene, L other than the Ugand 
having a cycloalkadienyf skeleton Is hydrocarbon group of 1-12 carbon atomo, eJkoxy of 1-12 carbon atoms 
19 aryioxy, sJryioxy. halogen or hydrogen, and x is a valence of the transition metal. 

In the above-mentioned formula. M which is a transition metal Includes zirconium, titanium, hafnium 
chromkjm or vanadium by preference, and particularly preferred era zirconium and hafnium* 

Thellgands having a cydoalkadlenyl skeleton include, for example, cydopentadfenyf. alkyl-aubstituted cyt> 
operrtadlenyl such as methyfeyctopentadienyt, ethylcyctopentatjienyi. rvbutyicydopentadienyl, dirnethylcyo. 
so lopentadienyt and pflntarr^thylcydop^tad^yl, and mdenyl and fluorenyl 

TWO or more ligsnda having a cydoalkadlenyl skeleton as mentioned above may coordinate to the transition 
metal and, In this case, at least two llgands having a cydoafkadlenyi skeleton may be Hnked together via 
alkylene, substituted alkylene, tilylene or substituted aflytene. The alkylene group includes methylene, ethylene 
and propylene, the substituted alkylene includes Isopropytidene, etc* and the substituted silytene includes 
n dlmethyieiylene and dlphenylsitytene. 

The Itgand other than those having a cydoalkadlenyl skeleton Is a hydrocarbon group of 1 ^12 carbon atoms, 
an afkoxy group, an eryloxy group, halogen or hydrogen. 

The nydrocarbon group having 1-12 carbon atoms mentioned above Includes, for example, afkyl, cydoa*- 
kyt, aryi and aralkyt, and the aikyl group includes methyl, ethyl, propyl, isopropyi and butyl, 
jo The eydoaikyl group mentioned above Includes, for example, cyclopentyl and cydohexyi, the aryi group 
fndudes, for example, phenyl and tolyl, and the araikyl group Indudes, tor example, benzyl and neophyl. 

The atkoxy group mentioned above fndudes, for example, methoxy, ethoxy and butoxy, and the arytoxy 
group Indudes, for example, phenoxy. 

The eHytoxy group mentioned above Indudes. for example, Wmethytsllytoxy and triphenytellyloxy. 
w The halogen mentioned above Indudes. for example, fluorine, chlorine, bromine and Iodine. 

Listed below are typical representatives of the transition metal compounds having a oyoioalkadienyl skele- 
ton, represented by the aforementioned formula ML, in which M Is zfrconfum. 

Bls<cydopentadienyf)xiroonfum monochlorlde monohydrlde, 

Bis(cydopentadlenyi)zirconlum monobromlde monohydride, 
40 BIs(cydopentadlenyl}methyi zirconium hydride, 

Bls(cydapentadlenyt)ethy1 zlrconhim hydride. 

Bi8(cydopentadleny1)phenyl zirconium hydride, 

Bls(cydopentadlenyl)benzyl zirconium hydride, 

Bls(cydopentadienyl)neopentyl zirconium hydride, 
45 Bis(methylcydopentadienyl}zircontum monochlorlde hydride, 

Bls(lndenyl)zfrconium monochlorlde monohydrlde, 

Bis<cydopentadienyl)zircorirum dichtorlde, 

Bis(cydopentadienyt)zirconium dibromfde, 

Bts(cydopentadlerryl)methyt zirconium monochloride, 
so Btycydopentadien^jethyt zirconium monochlorlde, 

Bls(cydopentadienyl)cydoh«xyl zirconium monochloride, 

Bls(cydopentadienyl)phenyl zirconium monochlorlde, 

Bis(cydopentadienvl)benzyi zirconium monochtorlde, 

Bis<methy1cyck)pQrrtadleriyl)zirconlum dtchioride, 
« Bl»{dlmethy1cydopentadienyl)zirconlum dtchioride, 

Bls(n4utylcyGiopentedfer^ dichlorlde, 

Bis(inderryf}zirconium dichlorlde, 

Bls^dsnyl)zirconlum dibromide, 

Bls(cyctopeiUa4tonyf)zkxonhim dimethyl, 

Bls(cydopentadisnyi)zlrconlum dlphenyt, 
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Bls(cydopentadlenyl)zirconlum dibenzyt, 
Bls(oycJopentadfeny»)zirconJum methoxychlortde. 
Bia(cydopentadlenyl)zlroonlum ethoxychloride, 
Bto(methylcycloperTtadlenyl)2lroonlum ethoxychloride, 
Bis(cydoperfodienyl)zlrcontum phenoxychlorlde, 
Bts(fluorenyl)zbconium dlchtorlde, 
Bto(cydop8ittadienyl)ziroonhim triphanytsByioxychlorfde. 
Ethy1en6bfs(lndenyl)tfrrrthyl zirconium, 
Ethylenebt3(lnd«nyl)cfiethyl zirconium, 
Ethylertebis<lndenyl)diphenyt zirconium monoohlorlde, 
Ethylertebts(lndenyl)methyl zirconium monochlorlde. 
Ethyl»n«bi8(indenyl)ethyt zirconium monochloride, 
Ethy4enebls(inderryl)matriyf zirconium monobromlde, 
Ethyf«nebi6(ind6nyl)zjroonlum dlchloride, 
Emy1onebl3(tndenyl)zlrconlum dlbromide, 
Ethylenebl8(4 l 5A7-tolrahydro-1^ndanyf)dfrn«thyl zirconium, 
Ethy1enabl»<4,5.6J4Btrghydro-1-lrid«nyt)meihyl zirconium monochloride, 
EthylerieWs(4 i 5,e ,T4etnahydre-1-lndanyl)zlrt»nKim dtehloride. 
Ethylene W$(4,5,6j4«trahydro-1-indflnyt)zlrconlum dfbromlde, 
Ethylertabis(4-rTWthyk1-(nderiyi)zireonlum dicrdortde, 
ElhyieneWs<5-methyH-lrtdenyJ)zJrconlum dichlorfde, 
EtiiylBnebl8(6-m6thyk1-lnd6n^}zlrcorijum dlchloride, 
Ethylenebls(7.me*>^1-bidftfty|)zlrcofAjm dlchloride. 
Ethytenebla(5.metftoxy-1-«ulenyl)zlroontom dlchloride, 
Ethytanebl8(2,34jfm0thyt-1-lndenyl)ziroontum dlchforlde, 
Ethyienebls(4 ,7-dlmathyl-Wndenyl)zircon^m dlchloride, 
Ethytanebte(4.7^dlmathoxy-1-lnd6nyl)zlrooftiufn dlchloride, 
Dlnwmyisnyi$nenbl«(cyclop«ntadl#nyi)zlrconlum dlchloride, 
DlmethybllyletMbft<lndanyf)ztroofllum dlchloiide, 
Dlfi»thyl«lylenebte(methytcyclop©ntadfenyl)zW:onlum rffehloride, 
lwpropyJtdenebis(lndenyl)zlroonkim dichloride, 
Jettpropylkjene(cydQpamBdenyJ4^ dlchloride. 

There may also be uaed transition metal compound* obtained by replacing the zirconium metal In the 
above-exemplified zirconium compounds with titanium metal, hafnium metal, or vanadium metal. 
The a econd olefin polymerization solid catalyst of the present Invention te illustrated below. 
This olefin polymerization solid catalyst is prepared by pre-polymerizing olefin In a suspension containing 

[A] a component obtained by bringing a particulate carrier, an organoalunUnum compound (A-aJ and water 
Into contact with one another, 

[B] a transition metal compound containing a llgand having a cytioafkadienyl skeleton, and 

[C] an organoalumlnum compound 

The organoalumlnum compounds [C) used in the present Invention may be represented, far example, by 
the formula RVAIX** wherein R» is hydrocarbon of 1-12 carbon atoms, X Is halogen and n la 1-3. 

In the above-mentioned formula, R* Is hydrocarbon of 1-12 cartoon atoms, for example, alkyt, cydoaSkyt or 
aryl, Including concretely methyl, ethyl, n-propyl. Isopropyl, isobutyl, pantyl, hexyl, octyl, decyl, cydopentyl, cyr> 
tohexyi, phenyl. tolyl, etc 

The above-mentioned organoalumlnum compounds will be exemplified below. 

Trialkylalumlnum such ae trknethylaluminum, triethylalumlnum, triisopropytaiurninum, IrilaobutylaJuminum, 
trihexylalumlnum, trloctyialumimim, tri-2-ethylhexylahjminum, eta 

Alkenytalumlntjm such as isoprenylaluminum, etc. 

Diafkyialuminum halldes such as dtmathylatumlnum chloride, diethylalumlnum chloride, dlisopropyialumf- 
num chloride, dilsobutylaluminum chloride. dlmethylalumSnum bromide, etc. 

Alkylatuminum aesqulhatldes such as methytaluminum sesqufchloride, ethyfalumfrnim sesqutchloride, Iso- 
propylaluminum seaqulcrdortde, butyUdumlnum aesqulchloride, ethyl8lumlnum sesqubrorrtfde, etc. 

Alkylalumlnum dlhalldes auch as methylatuminum dichloride. ethySalumimim dlchloride, Isopropylalumf num 
dichloride, ethylaiumlnum dlbromide, etc 

Alkylalumlnum hydrides auch aa dlethyialurninum hydride, dteobutyl aluminum hydride, etc 

Furthermore, there may also be used other organoalumlnum compounds represented by the formula R 8 ^ 
lY^ wherein R» is as defined previously, Y is -OR 7 , -03iR' 3l -OMRS, -NR^. -SIR«3 or 
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n Is 1-2, R' ( R«, R* and R« are each methyl, ethyl, Isopropyl, isobutyl, cycfohexyl or phenyl. R« is hydrogen, 
methyl, ethyl, isopropyl, phenyl or trlmethylsiiyl, R" and R^ are each methyl or ethyl. 
10 The organoaluminum compounds as mentioned above include, in concrete, such compounds as enumer- 
ated below, 

(9 Compounds of the formula RVM(OR') >n such as d^ethyialurntnum methoxlde, diethylalumlnum 
ethoxlde, dffsobutylaluminum methoxlde. etc. 

15 S)5?(Os!^) 8 eta f0rmiJla R6nAI(OSiRa ' ) * > $uch M E WOSiMa^, (Iso-BuJaAKOSiMej), (iso- 
(iiQCompounda of the formula R e lt AI(OAIR9 2 ) 541 such as EfeAIOAIEtj, {leo-BufeAlOAKiso-Buk, eta 
(Iv) Compounds of the formula RVAIfNR 10 ^ suoh as Me^AINE^ EfeAINHMe, MejAINHEL 
EtjAINtMesSifa, <Iso-Bu)aAlN(MejSI)a, etc. 

(v) Compounds of the formula R^USIR 11 ,)^ such as (lso-Bu)2A18IM6^ ate. 
20 (vi) Compounds of the fonrnite R^NAIR 1 *^ auch as 



25 BtjAlNAlEtj, <iso-Bu) 2 AlNAKiso-Bu) 3 , etc. 

I I 

Me St 

Of the oryanoaluminum compounds as exemplified above, preferred are those of the formula RSAI. 
» R^AKOR*)*, and R'AltQAIR^ particularly those In which R» Is Isoalkyl and n=2 ere dessable. These 
oryanoaluminum compounds may be used in combination of two or more. 

The olefin polymerization solid catalysts according to the present Invention may be prepared in the manner 
as will be mentioned hereinafter. 

First, the component [AJ Is prepared by bringing a particulate carrier, an organoaluminum compound [A-a] 
35 and water In contact with one another by mixing them together in an Inert hydrocarbon medium. 

hi this case, based on 1 g of the particulate carrier the organoaluminum compound [A*a] la used In an 
amount of usually 1(H - 2 x 10>< mole, preferably 2 x 1<H -> 1<M mole, and the water Is used In an amount of 
usually 6x 10-' mote, preferably 10^-5x1(H mole. The proportion of the water to the organoaluminum 
compound [A-a) in terms of molar ratio (HjO/AI) Is 0.3-2, preferably 0.5-1.6. The concentration of the 
40 organoaluminum compound [A-a} used is desirably about 0.1-5 mol/h preferably 0.3-3 mot/I. The reaction tem- 
perature employed ta usually from -100° to 120»C, preferably from -70° to 1 00°C, and the reaction time Is usually 
1-200 hours, preferably 2-100 hours or thereabouts, though it varies according to the reaction temperature 
.employed. 

The water used may be present in any form, such as water adsorbed on the particulate carrier, water dla- 

45 solved or dispersed in the inert hydrocarbon medium, watBr vapor or Ice. 

After completion of the reaction, the whole of the suspension as remained may be used as the component 
[A], a solids portion remained after removal of the inert hydrocarbon medium by filtration may be used aa the 
component {AL or a solids portion obtained by evaporating the Inert hydrocarbon medium from the suspension 
may be used as the component (A]. 

so Next, the component [A] thus obtained Is mixed with the transition metal compound [B] in an Inert hydrocar- 
bon, an olefin la Introduced Into the resulting mixture, and pre^jolymerteation of the olefin is canted out thereby 
to obtain the olefin polymerization solid catalyst of the present Invention. 

In mixing the component (A] with the component [B], the transition metal compound [B] Is used in an 
amount, based on 1 g of the particulate carrier, of usually 10-*- 5x 10-* mote, preferably 6 x 10* - 1 x 10-» 

55 mole, and the concentration of the transition metal compound (&] used Is about 2 x 10-* - 6 x 10^ motfl, pref- 
erably 5 x 1 CM - 2 x 1 0-* mol/l. The atomic ratio of aktmfnum to transition metal (AVtraneltion metal) in the com- 
ponent tAl la usually 10400, preferably 20400. The temperature etwhlch the component IA] la mixed with the 
component [B] is usually from -20° to 80°C, preferably o* to 60*C, and the contact time ts 1-200 minutes, pref- 
erably 5-120 minutes. 

The amount of the organoaluminum compound [C] which is used optionally is usually 2-80 moiee, preferably 
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4-40 moles based on 1 mole of the transition metal compound [B]. 

The pre-polymnrizatlon of olefin Is carried out In the presence of the above-mentioned components [A] and 
s p] end, if necessary, the component [CI. In practicing the pre-polymerizatlon, the transition metal compound 
is used In an amount of usually 10^ - 3 x 10-* mol/l, preferably 5x10-*- 10- 1 moW. The pre-porymerizetion 
temperature employed Is from -20* to 60°C, preferably from 0* to 50°C, and the pre-polymarizatkM time is 0.5- 
100 hours, preferably 1-60 hours or thereabouts. 

The olefin used in the pie-polymerization is selected from those commonly used in the polymerization of 
10 olefins, and preferred is ethylene. 

On the olefin polymerization solid catalyst of the present invention thus obtained, are carried, per 1 g of 
the particulate carrier, about 5 x 1 0-* • 10-* gram atom, preferably 1 0-* • 5 x 1CM gram atom of the transition 
metal atom, and about 10-* - 10- 1 gram atom, preferably 2x10-3-5x10^ gram atom of aluminum atom. 

It la deeirabte that the amount, based on 1 g of the particulate carrier, of the polymer resulting from the 
16 pre-polymerizatlon of olefin Is about 0.1 -S 00 g, preferably 0.3-300 g and especially 1-100 g. 

The inert hydrocarbon medium used in the preparation of the olefin polymerization solid catalysts of the 
present invention include concretely aliphatic hydrocarbons such as propane, butane, pentane, hexane, hep- 
tane, octane, decene, dodecane and kerosine ; aiicyclic hydrocarbons such as cydopentane, cyclohexana and 
methylcydopentane ; aromatic hydrocarbons such as benzene, toluene and xylene ; halogenated hydrocar* 
ao bona such as ethylene chloride, chloro benzene and dlcydomethane : or mixtures thereof. 

In carrying out polymerization of olefins by using such olefin polymerization catalysts containing the pre- 
polymerized olefin as mentioned above, it la desirable to use the transition metal compound IB] in an amount, 
baBed on 1 liter of the polymerization volume, of usually 1(H - 1CH gram atom, preferably 10-* - 10-4 &FBm 
atom in terms of transition metal atom. In this case, en organoalumirtum compound or alumtrtoxane may also 
25 be used, Ef necessary. The organoatumlnum compound used In that case Includes the same compounds as 
the organoalumirtum compound [C] as mentioned previously. 

Olefins which can be polymerized with the olefin polymerization solid catalysts as mentioned above Include 
ethylene and o>oteflns of 3-20 carbon atoms, for example, propylene, 1-butene, 1 -hexene, 4-methyM-pentene, 
1-octone, 1 -decene, 1-dodecerie, 1 -tetrad ecene, 1-hexadecene. 1-octadecene. 1-eteosene. cyclopentene. 
so cydoheptane, norbomene, 6-rrtethyl-2-norbornen», telracycfododecene, 2-methyl*1,4 f S,6*dlmethano- 
1^,3 f 4 v 4a t G,8 i ea-octahydronaphthalene, etc 

In the present Invention, the polymerization of olefins may be carried out by any of polymerization techni- 
ques, for example, liquid phase polymerisation such as suspension polymerization, or vapor phase polymeri- 
zation. 

35 When the polymerization of olefins is carried out by the liquid phase polymerization technique, the same 
Inert hydrocarbon solvent as used In the preparation of the catalyst may be used, and even the olefins them* 
selves may be used as a advent 

The polymerization temperature employed in the above case is usually from -60° to 200°C V preferably from 
0° to 1 50°C. The polymerization pressure employed is usually from ordinary pressure to 1 00 kg/cm*, preferably 

40 from ordinary pressure to 90 kg/cm 2 , and the polymerization reaction may be carried out by any of the batchwise, 
semi-continuous and continuous methods. It Is also possible to carry out the polymerization In two or more 
stages under different reaction conditions. The molecular weight of the resulting olefin polymer can be modified 
by allowing hydrogen to exist in the polymerization or varying the polymerization temperature employed. 
In the present invention, the olefin polymerization solid catalysts may contain other useful components In 

45 addition to the above-mentioned components. 

EFFECT OF THE INVENTION 

The olefin polymerization solid catalysts of the present Invention are capable of giving olefin polymers 
bo excellent In particle properties and having a narrow moteoular weight distribution, and also capable of giving 
olefin copolymers having a narrow molecular weight distribution and a narrow oompoeitlon distribution when 
applied to copoiymerizatlon of two or more kinds of olefins. 

The present invention is illustrated below with reference to examples, but It should be construed that the 
Invention Is In no way limited to those examples. 

55 

Example 1 

[Preparation of adid catalyst (zirconium catalyst)] 

A 400 ml glass flask thoroughly purged with nitrogen was charged with 3.1 g of sBIca (average partide 
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diameter 70 um , specific surface area 260 m*/g. pore volume 1.65 emVg) and 25 ml of toluene containing 0.45 
ml of water. 

5 Thereafter, the flask was cooled to -SO 0 ^ and charged dropwise with 25 ml of a solution of trfmethytalumi- 
num in toluene (Al ■ 1 mol/l) over a period of 30 minutes. 

Successively, the flask was stirred at -20°C for 5 hours, at 0°C far 1 hour, at 26*C for 1 how and then at 
80°C for 2 hours. Thereafter, the flask was cooled to room temperature, and charged with 7.6 ml of a solution 
of trltaobutylahjmlnum In decane (Al « 1 .0 mol/l), followed by stirring far 30 minutea. The flask was then charged 

io with 10.9 ml of a solution of Ns(methylcyclopentadienyl) zirconium dlchloride in toluene (Zr = 4.6 x 1 0-2 mol/l), 
followed by stirring for 30 minutes. The flask was then charged with 100 ml of decane, and ethylene gaa (ordJ 
nary pressure) was introduced continuously Into the system to carry out pre-polymerteation of ethylene at 30°C 
for 5 hours. 

Thereafter, the solvent was removed by decantatton from the system, followed by hot washing (60°C) four 
18 times with 100 ml of hexane and then washing (room temperature) four times with 100 ml of hexane. This oper- 
ation gave a solid catalyst containing 1,1x10-* gram atom of zirconium, 7,5 x 10-* gram atom of aluminum 
per 1 g of aUIca, and 5.0 g of polyethylene. 

Polymerization] 

to 

A 2-liter stainless steel autoclave thoroughly purged with nitrogen was charged with 150 g of sodium 
chloride (a special grade product of Wako Junyaku K.K.), followed by vacuum drying at 90°C for 1 hour. There- 
alter, the flask was cooled to 65*C, and was charged with 2.25 mmoiea of trflsobutylalumlnum end 0.02 mg 
atom in terms of zirconium atom of the above-mentioned so&d catalyst Thereafter, 200 mi of hydrogen and 

2$ then ethylene were introduced at 65°C into the flask to initiate polymerization at the total pressure of 8 kg/cm^G. 
Thereafter, the polymerization was canted out at 80*C for 2 hours while feeding only ethylene to the flask 
and maintaining the total pressure at 8 kg/cmM5. After completion of the polymerization, the sodium chloride 
was removed from the reaction mixture by water washing, and the polymer remained was washed with hexane, 
fbflowed by vacuum drying at 80*C overnight. Ae the result there was obtained 78 g of polyethylene having a 

* bulking density of 0.38 g/om*. MFR of 0.16 g/10 min and Mw/Mn of 3£. 

Example 2 

[Preparation of solid catalyst (zirconium catalyst}] 

The preparation of solid catalyst (zirconium catalyst) of Example 1 was repeated except that In place of 
the bts(methylcyclopentadienyl)zircon[um dlchloride, there was used 5.2 ml of a solution of bls(methyf oyclopen- 
tadlenyl) zirconium methoxy monochtorlde In toluene (Zr « 9.60 x 10-* mol/l), whereby a solid catalyst containing 
9.1 x 10*gram atom of zirconium, 4.9 x 1 0** gram atom of aluminum per 1 g of sltca, and 3.8 g of polyethylene 
40 was obtained, 

Polymerization] 

The polymerization of Example 1 was repeated except that a mixture obtained by mixing 0,02 mg atom In 
45 terms of zirconium atom of the solid catalyst as obtained above with 0.76 mmole of trflsobutytalumlnum at room 
temperature far 30 minutea in 5 ml of hexane was charged Into the autoclave to carry out polymerization far3 
hours, whereby 77 g of polyethylene having a bulking density of 0.37 g/cm*. MFR of 0.20 g/10 min and Mw/Mn 
of 3.3 waa obtained. 

so Example 3 

(Preparation of aolid catalyst (zirconium catalyst)] 

A 400 ml glass flask thoroughly purged with nitrogen waa charged 2.5 g of the same sltoa as used tn 
55 Example 1 and 20 ml of toluene containing 0.33 ml of water. The flask was then cooled to -40*0, and charged 
dropwise with 20,5 ml of a solution of trfmethylaluminum tn toluene (Al = 1 mol/l) over e period of 25 minutes. 
Successively, the reaction was carried out at -20°C for 5 hours, at 0°C for 1 hour, at 26°C far 1 hour and then 
at B0*C for 2 hours. Thereafter, the flask was cooled to room temperature, and charged with 6.2 ml of a solution 
of triisobutylalumlnum In decane (Al * 1 mo)/!), followed by stirring far 30 minutes, The flask was then charged 
with 155 mi of a solution of ethylenebie(indenyl)zlroonlum dlchloride In toluene (Zr- 2.64 x 10-* mol/l), fallowed 
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by stirring for 30 minutes. The flask was then charged with 100 ml of decane r and ethylene gad (ordinary press- 
ure) was introduced continuously into the system to carry out pre-pdymerization of ethylene at 35 °C for 4 hours. 

9 Thereafter, the same operation as in Example 1 was conducted, whereby a solid catalyst containing 9.2 x 10-* 
gram atom of zirconium, 7.2 x 1 0~» gram atom atom inum per 1 g of silica, and 4.3 g of polyethylene was obtained. 

Polymerization) 

10 The polymerization of Example 1 was repeated exoept that no triisobutytoluminum waa used, but the solid 
catalyst component as prepared above was used in an amount of 0.01 mg atom In terms of zirconium atom, 
the amount of hydrogen used was changed to 50 ml, and the polymerization was carried out for 1 Jiour, whereby 
90 g of polyethylene having a bulking density of 0-35 g/cm 3 , MFR of 0.95 g/10 mln and Mw/Mn of 2.9 was 
obtained. 

13 

Claims 

1. An olefin polymerisation solid catalyst obtainable by prepolyrnerizing an olefin In a suspension comprising 
to [A] a component obtainable by bringing a particulate carrier, an organoaJuminum compound [A-e] and 

water into contact with one another, and 

[B] a transition metal compound containing a llgand having a cydoattcadlenyl skeleton. 

2. An olefin polymerization solid catalyst according to claim 1 wherein the suspension further comprises 
25 [C] an organoeluminum compound. 

3. A process for the preparation of an olefin polymer, which comprises polymerizing at least one olefin En the 
presence of a catalyst as claimed in clatm 1 or 2. 

30 4. A process for the preparation of an olefin polymer, which comprises polymerizing at least one olefin in the 
presence of a catalyst as claimed ki claim 1 or 2 and an organoaluminum compound. 
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